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[57] ABSTRACT 
A gear shift control apparatus for use with an automo 
tive vehicle to control gear shift operation in the auto 
matic transmission. An estimated engine load is calcu 
lated as a function of engine load and engine load rate of 
change to re?ect a driver’s expectation for gear shift 
operation on the gear shift control. A shift pattern is 
used to select an appropriate gear position based upon 
the vehicle speed and the estimated engine load. 

9 Claims, 16 Drawing Sheets 
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GEAR SHIFT CONTROL APPARATUS 

BACKGROUND OF THE INVENTION 

This invention relates to a gear shift control appara 
tus for use with an automotive vehicle to control gear 
shift operation in the automatic transmission. 

It is the conventional practice to perform gear shift 
control with the use of a shift pattern which speci?es an 
appropriate gear position as a function of vehicle speed 
and throttle angle. With such a conventional gear shift 
control, however, it is dif?cult to re?ect the driver’s 
intention for gear shift operation on the gear shift con 
trol in fast response. It is now assumed that the driver 
expects a gear shift operation and depresses the acceler 
ator pedal. If the degree of depression of the accelerator 
pedal is somewhat insuf?cient for the operation point 
speci?ed by the sensed engine speed and throttle angle 
to cross the corresponding one of the gear shift lines of 
the shift pattern, no gear shift operation is made in the 
automatic transmission. Thus, the driver is required to 
depress the accelerator pedal again. 

SUMMARY OF THE INVENTION 

It is a main object of the invention to provide a gear 
shift control apparatus which can make a gear shift 
operation in fast response to a driver’s expectation for 
gear shift operation. 
There is provided, in accordance with the invention, 

a gear shift control apparatus for use with an automo 
tive vehicle having an engine and an automatic trans 
mission to control gear shift operation in the automatic 
transmission. The gear shift control apparatus com 
prises a vehicle speed sensor sensitive to vehicle speed 
for producing a ?rst sensor signal indicative of a sensed 
vehicle speed, an engine load sensor sensitive to engine 
load for producing a second sensor signal indicative of 
a sensed engine load, means responsive to the second 
sensor signal for calculating a rate of change of the 
engine load, means for calculating an estimated engine 
load as a function of the sensed engine load and the 
calculated engine load rate of change to re?ect a driv 
er’s expectation for gear shift operation on the gear shift 
control, and means for selecting a gear position based 
upon the sensed vehicle speed and the estimated engine 
load. 

In another aspect of the invention, the gear shift con 
trol apparatus comprises a vehicle speed sensor sensi 
tive to vehicle speed for producing a ?rst sensor signal 
indicative of a sensed vehicle speed, an engine load 
sensor sensitive to engine load for producing a second 
sensor signal indicative of a sensed engine load, means 
responsive to the second sensor signal for calculating a 
rate of change of the engine load, means for calculating 
an acceleration of change of the engine load, means for 
producing a command signal indicative of a driver’s 
expectation for gear shift operation when the sensed 
engine load is in a ?rst range speci?ed therefor, the 
calculated rate of change of the engine load is in a sec 
ond range speci?ed therefor, and the calculated acceler 
ation of change of the engine load is in a third range 
speci?ed therefor, and control means using a shift pat 
tern to select a gear position based upon the sensed 
vehicle speed and engine load in the absence of the 
command signal. The control means is responsive to the 
command signal for selecting a gear position indicated 
by the command signal. 
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2 
In another aspect of the invention, the gear shift con 

trol apparatus comprises a vehicle speed sensor sensi 
tive to vehicle speed for producing a ?rst sensor signal 
indicative of a sensed vehicle speed, an engine load 
sensor sensitive to engine load for producing a second 
sensor signal indicative of a sensed engine load, means 
responsive to the second sensor signal for calculating a 
rate of change of the engine load, means for producing 
a detection signal when an interrupt is detected in accel 
erator pedal depressing or releasing operation based 
upon the calculated engine load rate of change, means 
responsive to the detection signal for producing a com 
mand signal when a distance of a position speci?ed by 
sensed vehicle speed and vehicle load on a shift pattern 
from a gear shift line is in a predetermined range, and 
control means using the shift pattern to select a gear 
position based upon the sensed vehicle speed and engine 
load in the absence of the command signal. The control 
means is responsive to the command signal for selecting 
a gear position indicated by the command signal. 

In still another aspect of the invention, the gear shift 
control apparatus comprises a vehicle speed sensor 
sensitive to vehicle speed for producing a ?rst sensor 
signal indicative of a sensed vehicle speed, an engine 
load sensor sensitive to engine load for producing a 
second sensor signal indicative of a sensed engine load, 
means responsive to the second sensor signal for calcu 
lating a rate of change of the engine load, means for 
calculating an acceleration of change of the engine load, 
means for producing a ?rst detection signal when the 
sensed engine load is in a ?rst range speci?ed therefor, 
the calculated rate of change of the engine load is in a 
second range speci?ed therefor, and the calculated ac 
celeration of change of the engine load is in a third 
range speci?ed therefor, means for producing a second 
detection signal when an interrupt is detected in accel 
erator pedal depressing or releasing operation based 
upon the calculated engine load rate of change, means 
responsive to the second detection signal for producing 
a third detection signal when a distance of a position 
speci?ed by sensed vehicle speed and vehicle load on a 
shift pattern from a gear shift line is in a predetermined 
range, means for producing a command signal in the 
presence of the ?rst and third detection signals, and 
control means using a shift pattern to select a gear posi 
tion based upon the sensed vehicle speed and engine 
load in the absence of the command signal. The control 
means is responsive to the command signal for selecting 
a gear position indicated by the command signal. 

BRIEF DESCRIPTION OF THE DRAWINGS 

This invention will be described in greater detail by 
reference to the following description taken in connec 
tion with the accompanying drawings, in which: 
FIG. 1 is a schematic diagram showing one embodi 

ment of an automatic transmission apparatus made in 
accordance with the invention; 
FIG. 2 is a graph of vehicle speed versus estimated 

throttle angle; 
FIGS. 3A and 3B are graphs of time versus accelera 

tor pedal position; - 
FIG. 4A is a graph of vehicle speed versus throttle 

angle; 
FIG. 4B is a graph of throttle angle versus factor; 
FIGS. 5A and 5B are graphs of time versus throttle 

angle; 
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FIG. 6 is a ?ow diagram illustrating the program 
ming of the digital computer used in the control unit of 
FIG. 1; 
FIG. 7 is a schematic diagram showing a second 

embodiment of the automatic transmission apparatus of 
the invention; 
FIG. 8 is a graph of vehicle speed versus throttle 

angle; 
FIG. 9 is a graph of throttle angle difference versus 

difference; 
FIG. 10 is a ?ow diagram illustrating the program 

ming of the digital computer used in the control unit of 
FIG. 7; 
FIG. 11 is a schematic diagram showing a third em 

bodiment of the automatic transmission apparatus of the 
invention; 
FIGS. 12A and 12B are graphs of time versus accel 

erator pedal position; 
FIG. 13A is a graph of throttle angle versus in?ection 

point production frequency; 
FIG. 13B is a graph of throttle angle rate of change 

versus in?ection point production frequency; 
FIG. 13C is a graph of throttle angle acceleration of 

change versus in?ection point production frequency; 
FIG. 14 is a flow diagram illustrating the program 

ming of the digital computer used in the control unit of 
FIG. 11; 
FIG. 15 is a schematic diagram showing a fourth 

embodiment of the automatic transmission apparatus of 
the invention; 
FIGS. 16 and 17 show a shift pattern used in control 

ling the gear shift operation made in the automatic 
transmission; 
FIG. 18 is a ?ow diagram illustrating the program 

ming of the digital computer used in the control unit of 
FIG. 15; 
FIG. 19 is a schematic diagram showing a ?fth em 

bodiment of the automatic transmission apparatus of the 
invention; and 
FIG. 20 is a flow diagram illustrating the program 

ming of the digital computer used in the control unit of 
FIG. 19; 

DETAILED DESCRIPTION OF THE 
INVENTION 

With reference to the drawings, and in particular to 
FIG. 1, there is shown a schematic diagram of an auto 
matic transmission apparatus embodying the invention. 
The automatic transmission apparatus is intended for 
use with an automotive vehicle including an internal 
combustion engine drivingly connected to an automatic 
transmission 10. The automatic transmission 10 includes 
a control valve unit 12 having shift solenoids 14 and 16 
operable for gear shift control on command from an 
automatic transmission (AT) control unit 20. 
The gear shift control is made based upon vehicle 

operating conditions including vehicle speed, throttle 
angle which controls the amount of air supplied to the 
engine, and throttle angle rate of change. Thus, a vehi 
cle speed sensor 32 and a throttle angle sensor 34 are 
connected to the control unit 20. The vehicle speed 
sensor 32 produces an electrical signal indicative of the 
speed of travelling of the vehicle. The throttle angle 
sensor 34 produces an electrical signal indicative of the 
angle TVO of rotation of the throttle valve situated 
within the engine intake passage for controlling the 
amount of air permitted to enter the engine. In this 
invention, the engine load is inferred from the sensed 
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4. 
throttle angle TVO. The throttle valve is connected by 
a mechanical linkage to an accelerator pedal (not 
shown). The degree to which the accelerator pedal is 
depressed controls the degree of rotation of the throttle 
valve. 
The control unit 20 includes a throttle angle rate of 

change calculating section 22, an estimated throttle 
angle calculating section 24, a gear selecting section 26, 
and an accelerator pedal release detecting section 28. 
The throttle angle rate of change calculating section 22 
receives information on the throttle angle from the 
throttle angle sensor 34 and it calculates a throttle angle 
rate of change ATVO (throttle angle change per unit 
time). The estimated throttle angle calculating section 
24 receives information on the throttle angle from the 
throttle angle sensor 34 and also information on the 
throttle angle rate of change ATVO from the throttle 
angle rate of change calculating section 22 and it calcu 
late an estimated throttle angle TVO* to realize a driv 
er’s expectation for gear shift operation. The gear se 
lecting section 26 receives information on the vehicle 
speed from the vehicle speed sensor 32 and also infor 
mation on the estimated throttle angle TVO* from the 
estimated throttle angle calculating section 24 and it 
produces a command signal to shift the gear position. 
For this purpose, the gear selecting section 26 has a 
speci?ed shift pattern which de?nes a gear position to 
be selected as a function of vehicle speed and estimated 
throttle angle, as shown in FIG. 2. In FIG. 2, the solid 
lines indicate up-shift lines and the broken lines indicate 
down-shift lines. The gear selecting section 26 produces 
a trigger signal when it produces the command signal. 
The trigger signal is fed to a accelerator pedal release 
detecting section 28 which also receives information on 
the throttle angle rate of change ATVO. The accelera 
tor pedal release detecting section 28 is operable, in 
response to the trigger signal, to detect the fact that the 
driver releases the accelerator pedal based upon the 
information on the throttle angle rate of change ATVO. ' 
When the accelerator pedal release detecting section 28 
detects the accelerator pedal release, it produce a pa 
rameter correction signal to the estimated throttle angle 
calculating section 24. 
FIG. 3A shows a pattern produced when the driver’s 

intention for acceleration is strong, whereas FIG. 3B 
shows another pattern produced when the driver’s in 
tention for acceleration is not strong. It can be seen 
from a comparison of FIGS. 3A and 3B that the 
strength of the driver’s intention for acceleration may 
be indicated by the throttle angle rate of change ATVO 
which corresponds to the rate of change of the accelera 
tor pedal position. If the gear shift operation is made 
merely based upon the rate of change of the accelerator 
pedal position, however, the driver’s demand for accel 
eration is not satis?ed in fast response to an accelerator 
pedal depression. In this embodiment, the estimated 
throttle angle calculating section 24 is arranged to cal 
culate the estimated throttle angle TVO* as 

where G. is a factor calculated as a function of the vehi 
cle speed VSP and the absolute value of the throttle 
angle TVO. In practice, the factor a may be calculated 
from a relationship which speci?es the factor a as a 
function of vehicle speed VSP and throttle angle TVO, 
as shown in FIG. 4A. This relationship is prepared in 
such a manner that the factor or decreases as the abso 
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lute value of the vehicle speed VSP increases and it 
decreases as the absolute value of the throttle angle 
TVO increases, as shown in FIG. 4B. The used vehicle 
speed and throttle angle values VSP and TVO are sam 
pled at the start of depression of the accelerator pedal. 
The factor a is converged to an optimum value to 

bring the gear shift control into conformance with the 
driver’s habitual accelerator pedal operation practice. 
For this purpose, the accelerator pedal release detecting 
section 28 is arranged to monitor the driver’s accelera 
tor pedal operation. The 'driver will not release the 
accelerator pedal to a great extent, as shown in FIG. 
5A, when a driver’s accelerator pedal depression causes 
a gear shift operation to satisfy the driver’s intention, 
whereas the driver will release the accelerator pedal to 
a great extent, as shown in FIG. 5B, when a driver’s 
accelerator pedal depression causes a down-shift opera 
tion against the driver’s intention. It can be seen from a 
comparison of FIGS. 5A and 5B that the driver will 
release the accelerator pedal to a small extent when a 
driver’s expectation for a down-shift operation is satis 
tied and to a great extent when a gear shift operation in 
spite of no driver’s expectation for the gear shift opera 
tion. The accelerator pedal release detecting section 28 
is responsive to the trigger signal fed thereto from the 
gear selecting section 26 to produces a parameter cor 
rection signal causing the estimated throttle angle cal 
culating section 24 to modify the factor a to a smaller 
value (a-Ak) when the degree to which the accelera 
tor pedal is released to a great extent and to a greater 
value (a+Ak) when the degree to which the accelera 
tor pedal is released is small. This is effective to realize 
gear shift operations conforming to the driver’s habitual 
accelerator pedal operation practice. In this case, the 
initial value of the factor a may be set at a desired value. 
The control unit 20 may employ a digital computer 

which includes a central processing unit (CPU), a ran 
dom access memory (RAM), a read only memory 
(ROM), and an input/output control unit (U0). The 
central processing unit communicates with the rest of 
the computer via data bus. The input/output control 
circuit includes an analog-to-digital converter which 
converts the analog signal received from the sensors 
into digital form for application to the central process 
ing unit. The read only memory contains the program 
for operating the central processing unit and further 
contains appropriate data in look-up tables used in cal 
culating an appropriate value for the factor a. The 
look-up data may be obtained experimentally or derived 
empirically. 
FIG. 6 is a flow diagram illustrating the program 

ming of the digital computer used in the control unit of 
FIG. 1. The computer program is entered at the point 
202 at uniform intervals of time. At the point 204 in the 
program, the vehicle speed VSP and the throttle angle 
TVO are read into the computer memory. At the point 
206 in the program, the central processing unit calcu 
lates the rate ATVO of change of the throttle angle 
based upon the read throttle angle TVO by subtracting 
the last throttle angle value from the new throttle angle 
value. At the point 208 in the program, the factor a is 
calculated from a relationship programmed into the 
computer. This relationship speci?es the factor a as a 
function of vehicle speed VSP and throttle angle TVO, 
as described in connection with FIG. 4A and 4B. At the 
point 210 in the program, the central processing unit 
calculates an estimated throttle angle TVO* as 
TVO* =TVO+a~ATVO where TVO is the read throt 
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6 
tle angle, a is the calculated factor and ATVO is the 
calculated throttle angle rate of change. 
At the point 212 in the program, a determination is 

made as to whether or not a down-shift operation is 
made. This determination is made from the shift pattern 
of FIG. 2 with reference to the position speci?ed by the 
vehicle speed VSP and the estimated throttle angle 
TVO*. If the answer to this question is “yes”, then the 
program proceeds to the point 214. Otherwise, the pro 
gram proceeds to the end point 220. 
At the point 214 in the program, a determination is 

made as to whether or not the degree to which the 
accelerator pedal is released exceeds a predetermined 
value just after the gear shift operation is made. This 
determination may be made based upon the read throt 
tle angle rate of change ATVO. If the answer to this 
question is “yes” (or the throttle angle rate of change 
ATVO exceeds a predetermined value), then it means 
that the driver expect no gear shift operation and the 
program proceeds to the point 216 where the factor a is 
modi?ed to a smaller value (a—Ak). Following this, the 
program proceeds to the endpoint 220. If the degree to 
which the accelerator pedal is released is less than the 
predetermined value, then the program proceeds to the 
point 218 where the factor a is modi?ed to a greater 
value (a+Ak). Following this, the program proceeds to 
the end point 220. The modi?ed factor a is used to 
calculate the estimated throttle angle value which are 
used, along with the vehicle speed, to produce a com 
mand signal causing the control valve unit 12 to make a 
gear shift operation. 

In this embodiment, an estimated throttle angle 
TVO* is calculated as a‘ function of throttle angle TVO 
and throttle angle rate of change ATVO to reflect a 
driver’s expectation for gear shift operation on the gear 
shift control. The estimated throttle angle TVO* is 
engine load information which is used, along with vehi 
cle speed information, for gear shift control. It is, there 
fore, possible to make a gear shift operation in fast re 
sponse to a driver’s expectation for gear shift operation. 
Furthermore, the factor a, which is used to calculate 
the estimated throttle angle TVO*, is modi?ed accord 
ing to driver’s accelerator pedal operations. It is, there 
fore, possible to realize an optimum gear shift operation 
conforming to the driver’s habitual accelerator pedal 
operation practice. 

Referring to FIG. 7, there is shown a second embodi 
ment of the automatic transmission apparatus of the 
invention. The automatic transmission apparatus is in 
tended for use with an automotive vehicle including an 
internal combustion engine drivingly connected to an 
automatic transmission 10. The automatic transmission 
10 includes a control valve unit 12 having shift sole 
noids 14 and 16 operable for gear shift control on com 
mand from an automatic transmission (AT) control unit 
40. 
The gear shift control is made based upon vehicle 

operating conditions including vehicle speed, throttle 
angle which controls the amount of air supplied to the 
engine, and throttle angle rate of change. Thus, a vehi 
cle speed sensor 32 and a throttle angle sensor 34 are 
connected to the control unit 40. The vehicle speed 
sensor 32 produces an electrical signal indicative of the 
speed of travelling of the vehicle. The throttle angle 
sensor 34 produces an electrical signal indicative of the 
angle TVO of rotation of the throttle valve situated 
within the engine intake passage for controlling the 
amount of air permitted to enter the engine. In this 














